In Textile production, measurement of the yam mass in 1 mm range is utmost importance to properly evalua1.e the evenness, as several irregularities occur in 1 to 4 mm yam length. Until present, measurements in Imm ]range are still not directly performed.
Introduction
The quality of any textile product is strongly influenced by the type of its components, e.g., fibers and yams. These must be manipulated in bulk and the resulting structure has many varying characteristics, which depend ultimately on the variation in mass per unit of length. It is thus important to determine the linear density variations and the total irregularity to predict the effect of the yam's properties on the production and appearance of the finished fabric.
For detection of such irregularities it is still applied nowadays, electronic capacitance testers as a convenient and a reliable method of testing irregularity (determination of mass every 8 mm). The system signals when the mass value is greater or lower than pre-defined thresholds. These thresholds are related to the mass average value, and allow the detection of either thick, thin points or neps [I] . Mass yam evaluated in 1 mm range is of utmost importance for a correct detection of irregularitias as most of them have a short length (between 1 and 4 mm length). This paper presents a new system for measuring directly Imm yam mass using a capacitive sensor.
Theoretical Considerations
Some of the most important parameters to identify specifications for yam quality are linear density, structural features and fiber content. The combination of different number of fibers per cross section with varying forces binding them together due to twist variation, leads to unlike yam properties. An example of yam configuration is shown in Figure 1 . In order to obtain yam mass irregularity electronic capacitance tests are established as a convenient method [2] . The hasic requirement of this type of unevenness tester is that the output of the measuring circuit is directly proportional to the linear density of that part of the strand within its capacitor, that is, the relationship between capacitance and the mass of fiber between the plates must be linear. The changes of capacitance brought about by alteration of the total fibre crosssectional area between the plates enables the automatic indication of the mean deviation (U%) and coefficient of variation (CV%) [3] . where, x, instantaneous value of the mass x-mean T-evaluation time
The irregularity U is proportional to the intensity of the mass variation around the mean value, and is independent of the evaluating time or tested material length with homogeneously distributed mass variation. The mass variation can be considered to conform approximately to a normal distribution when a homogeneous fibre composition is available. As a measure of the size of these mass variation is the standard deviation s, which is defined as the distance from the mean value to the point of inflexion of the normal distribution curve. The standard deviation is equated to the mean value as defined in equation 2.
The irregularity U% and CV% can be described graphically according to Figure 2 [3]. The number of faults and mass measurements enable a quality rating of the product. An accurate measurement of these properties is of major importance [4] . In order to reduce the noise some attempts are made using traditional filters, but with relative success, as noise has it main component in 50Hz range, which is, the interval of signal frequency.
To overcome SNR problems a study on the influence of the electromagnetic radiation is carried out using two identical sensors, in a differential configuration, with different distances between plates (Figure 4 ). With this technique it would be possible to use the same equipment for two different yam diameters. The use of a differential set-up makes the electric circuit more robust to temperature and air humidity variations, which are particularly important in textile industries. This system is to be used for on-line control of a ring spinning frame in order to evaluate the yam evenness produced. Presently, in spinning mills this kind of evaluation is made off-line in laboratory using a small percentage of yam.
The tests made with this system show good performance in laboratory environment. The experimental set-up used consists on a PC with LabView (National Instruments) data acquisition system together with two sensors and electronics. Figure 5 shows the system schematic diagram used in the project development. In order to have two condensers with a common electrode, three metallic conductors placed in parallel were used in the system design. The air and the yam are the capacitor dielectric.
The integrated circuit (IC) MS31 IO from MicrosensorsB implements the functions related to transducer, amplification and signal conditioning. This is an IC specific for capacitive sensors and has the following characteristics ( Figure 6 The sensor capacitance variations are converted in a voltage signal and amplified. A second order low pass filter attenuates the high frequency interferences, which come from the internal oscillator and from other extemal noise sources. The filtered signal is then amplified by using an output buffer. The MS3110 output voltage is filtered and then converted in a digital signal with an ADC incorporated in a data acquisition board (6024E from National Instruments).
The acquired signal is monitored in a PC using the control software from National Instruments, Labview. This software allows the data storage, data manipulation and data processing for the analysis and evaluation of the results obtained.
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Board Somare In order to evaluate the yam faults, previously defined as a decrease (50%) in the mass during a short length (thin places); an increase in the mass, usually lower than 200% (thick places); and a huge mass of yam in a short length (NEPs), we must state that with a short difference in the irregularity threshold, results have a strong change. These results are displayed in Table 2 . We must point out that neither thin places can be obtained in a 182% threshold or neps in less than 182% range. The primay goal of the project was to analyse only cotton yams, but in order to expand the sysrem application field some tests were made to detect Lycra yams with small linear mass (less than 6 tex, g/km). Although Lycra has a bigger dielectric constant, its small linear mass prevents the good performance of the system. At the moment we are working on the adaptation of the developed system to be able to detect Lycra yams and all types of yam with less than 6 tex.
Conclusion
The results point out that the evaluation of yam mass (bigger than 6 lex), with this approach, is feasible at least in the 4 mm range. Nevertheless, results are still under the goal and mixed combination of sensors is being tested. An altemative step in this work is, by using two sensors with 4mm and 5mm length, respectively, the 1 mm yam mass will he determined employing digital signal processing techniques.
The main goal of this project is to develop a new technique that allows the on-line measurement of 1 mm yam mass in a spinning frame.
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